Background: Secondary brain edema is a serious complication of hepatic encephalopathy (HE). Recently, it has been reported that proinflammatory cytokines are involved in the pathogenesis of brain edema during HE. Objectives: Observe the dynamic expressions of brain and plasma proinflammatory cytokines in encephalopathy rats, and evaluate the relationship between proinflammatory cytokines and brain edema. Methods: Acute HE rats were induced by intraperitoneal injection of thioacetamide (TAA) in 24 hours intervals for two consecutive days. Then, clinical symptom and stages of hepatic encephalopathy, motor activity counts, index of liver function, and brain water content were observed. The dynamic expressions of IL-1β, IL-6, and TNF-α in plasma and brain tissues were measured with enzyme-linked immunosorbent assay. Results: Typical clinical performances of hepatic encephalopathy were occurred in all TAA-administrated rats. The TAA rats showed lower motor activity counts and higher the index of alanine aminotransferase, aspartate aminotransferase, total bilirubin and ammonia than those in control rats. Brain water content was significantly enhanced in TAA rats compared with the control. The expressions of IL-1β, IL-6, and TNF-α in plasma and brain significantly increased in TAA rats. In addition, the expressions of cerebral proinflammatory cytokines were positively correlated with brain water content but negatively correlated with motor activity counts. Conclusion: Inflammation was involved in the pathogenesis of brain edema during TAA-induced HE.
Hepatic encephalopathy (HE) is a neuropsychiatric syndrome related to both acute and chronic liver dysfunction [1, 2] . The most prominent neurological problem is cerebral edema. Increased intracranial hypertension, resulting predominantly in brain herniation and extremely high mortality rates [3, 4] .
The precise pathophysiologic mechanisms responsible for cerebral edema formation induced by HE have not been understood fully. Ammonia may be important in the pathogenesis of HE and brain edema [5] . However, increasing evidence suggests that inflammation plays a significant role in the molecular pathogenesis of HE and brain edema [6, 7] . For example, the presence of systemic inflammation is correlated with a more rapid progression of encephalopathy and brain edema in ALF patients [8] . Recently, Chu et al [9] demonstrated that a significant correlation between plasma levels of tumor necrosis factor (TNF)-α and severity of HE in rats with thoacetamide-induced fulminant hepatic failure. Indeed, circulating proinflammatory cytokines correlate with encephalopathy and brain edema in acute liver failure (ALF) and ammonia. However, no conclusive evidence has been obtained for increased brain proinflammatory cytokines production in HE.
In this study, we observed the expression of plasma and brain proinflammatory cytokines and assessed its possible relationship between cerebral (n=8) and 60 hours (n = 8). All the rats were given a supportive therapy that consisted of 5% glucose and 0.45% saline mixed with 20 mEql of potassium chloride (25 mL/kg) [13, 14] .
Clinical symptoms were observed during the study period. Stage of hepatic encephalopathy and motor activity counts were assessed at 24 hours, 48 hours, and 60 hours after the second administration of TAA. Heparinized blood samples were obtained afterwards from abdominal aorta for biochemical determination including alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), and ammonia. The rats were sacrificed at different timepoints (24, 48, and 60 hours after the second TAAadministration) by decapitation in deep anesthesia. Brains were rapidly removed and were dissected out and kept at -80 C for further studies. The experimental procedure and a flow chart are shown in Figure 1 .
Assessment of hepatic encephalopathy (HE)
Clinical symptom of rats and stages of HE in the different groups were assessed at different time-periods (24, 48, and 60 hours) following administration of the second dose of TAA. The stage of encephalopathy was determined using a clinical and neuro-behavioral scale as follows:
Stage 1: lethargy, Stage 2: mild ataxia, Stage 3: lack of spontaneous movement and loss of righting reflex, but still responsive, Stage 4: coma and lack of response to pain [10] . The clinical symptom of rats and survival rates in the different groups was recorded on a daily basis following administration of the first dose of TAA.
Measurement of motor activities
Motor activities were measured at different timepoints (24, 48, and 60 hours) following administration of the second dose of TAA /NS. Motor activities were determined in the open field (100x100 x 40 cm) divided into 25 small squares equally (20 x 20 cm) [15] . All studies were performed under standardized conditions in the dark room. Two rats from the model and the control group were observed simultaneously. Motor activity counts were recorded by counting the small squares rats crossed-over. Results were presented as total movements in 20 minutes to reflect motor activity counts of the study rats.
Biochemical analyses and ammonia
At different time-periods (24, 48, and 60 hours) following administration of the second dose of TAA/ NS, a laparotomy was performed under anesthesia with chloral hydrate (400 mg/kg, ip). The abdomen was opened wide and blood samples (4 mL) were taken from the abdominal aorta for biochemical determinations including aspartate transaminase (AST), alanine transaminase (ALT), total biluribin (TBIL), and ammonia. These samples were kept at room temperature for 30 minutes and centrifuged at 3000 rpm for 10 minutes. Plasma samples obtained in this way were aliquoted and stored in a freezer (-80 C) for use in biochemical analyses.
Plasma biochemistry tests (ALT, AST, and TBIL) and ammonia were analyzed using an automatic biochemistry analyzer (Hitachi 7600-110, Tokyo, Japan) in the routine biochemistry laboratories of the First Affiliated Hospital of College of Medicine, Zhejiang University. AST and ALT levels are expressed as U/L, TBIL and ammonia levels as μmol/L.
Measurement of brain water content
To quantify cerebral edema, we used the wet and dry weight method. Animals were decapitated, and the brains were immediately removed. Half of the brain was weighed before and after 48 hours incubation in a 100°C oven. Water content of the brain samples were measured by the wet and dry weight method as follows [16] :
Water content (%) = [Wet weight (mg) -Dry weight (mg)] / Wet weight (mg) x 100%.
Enzyme-linked immunosorbent assay
Cortical brain tissues were collected at different time-points (24, 48, and 60 hours). Tissues were homogenized in two volumes of 0.01mol/L phosphatebuffered saline (PBS) containing 0.05% Tween-20. After homogenization and centrifugation at 10,000g at 4°C for 20 minutes, the resultant supernatant was collected and stored at -80°C until use. Plasma samples were collected and aliquoted as those for use in biochemical analyses and stored in a freezer (-80°C) for further studies.
IL-1β, IL-6 and TNF-α concentrations were measured in brain and plasma samples using a quantitative sandwich enzyme-linked immunosorbent assay (ELISA) with monoclonal antibodies specific for rat IL-1, IL-6 and TNF-α (R&D Systems, Minneapolis, USA). The micorplates were read at 450 nm. The absorbances were converted to pg/ml using standard curves. The lowest detection limits were IL-6 (60 pg/mL), IL-1β (30 pg/mL), TNF-α (30 pg/mL). All results were expressed in pg/mL.
Statistical analysis
All data in this study were expressed as mean ± standard deviation (SD) value. Statistical analysis was performed using independent T test and bivariate correlation with Pearson's test, accordingly by SPSS 16.0 software. Statistical significance was set at a value of p <0.05.
Results

Hepatic encephalopathy and symptoms
The control group acted freely, responded keenly, and gained significantly weight. All TAA-administrated rats (n = 24) presented typical hepatic encephalopathy symptoms including weight obviously lost, lethargy, mild ataxia, lack of spontaneous movement. The changes of body weight in the control and model groups were shown in Figure 2 . Out of the original 48 animals, two died before the following examination: zero in the control group and two in the 60 hours group. Table 1 shows stages of HE for the study groups at different time-periods (24, 48, and 60 hours) following administration of the second dose of TAA. No evidence of encephalopathy was detected in the control group. TAA-administrated rats developed encephalopathy progressively over the time course. 
Motor activities
Motor activities of the control and model groups are shown in Figure 3 . The model groups showed significantly lower motor activity counts than their corresponding control groups in total movements (p <0.05). Behavioral function and encephalopathy of TAA-administrated rats aggravated progressively over the time course.
Plasma ALT, AST, TBIL and ammonia Table 2 shows mean SD values for AST, ALT, TBIL and Ammonia levels at different time-points (24, 48, and 60 hours) in the model and control groups. The model groups showed significantly higher plasma levels of ALT, AST, TBIL and Ammonia than those of their corresponding control groups (p <0.05). TAAadministrated rats developed hepatic injury progressively over the time-course.
Brain water content
The brain water content was only mildly elevated in the 24 hours group but there was no significant difference between the model and control rats. At 48 and 60 hours, TAA-administrated rats showed a significantly higher brain water content compared with the corresponding control rats in Figure 4 (p <0.05). Brain water content of TAA-administrated rats developed a significant deterioration over the timecourse. 
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IL-1 , IL-6, and TNF-a concentrations
The brain IL-1β, IL-6 and TNF-α concentrations can be seen in Figure 5 . The plasma concentrations show in Figure 6 . TAA-administrated rats showed significantly higher levels of the brain and plasma IL-1β (7A), IL-6 (7B), and TNF-α (7C) than those of their corresponding control groups (p <0.05). IL-1β (8A), IL-6 (8B) and TNF-α (8C) concentration increased gradually from the 24 hours after the second administration of TAA in TAA-administrated rats and reached a maximal level at the 60 hours. Apparently, from the data of Figure 5 and 6, higher levels of the brain IL-1β, IL-6, and TNF-α were significantly observed in TAA-administrated rats, compared to the plasma. Correlations between proinflammatory cytokines (IL-1β β β β β, IL-6 and TNF-α α α α α) concentration, brain water content and HE Figure 7 and 8 show correlations between the brain levels of IL-1β, IL-6, and TNF-α and brain water content, and between the levels of IL-1β, IL-6, and TNF-α and HE, in TAA-administrated rats.
Interestingly, brain concentrations of IL-1β, IL-6, and TNF-α were significantly positive correlated with brain water content in TAA-administrated rats, as shown in Figure 7 . This indicates that more severe brain inflammation was associated with aggravated brain edema. In addition, brain concentrations of IL-1β, IL-6, and TNF-α were negatively correlated with total motor activity counts (Figure 8 ). This suggests that aggregated HE and brain edema are accompanied by IL-1β, IL-6, and TNF-α protein upregulation. 
Discussion
The experimental rat model resembling acute hepatic failure and HE induced by TAA was extensively proved to be a validated and satisfactory model of HE [10-12, 17, 18] . In the present study, we developed TAA-induced acute hepatic failure in rats, and showed that all the rats presented typical hepatic encephalopathy symptoms (weight lost, lethargy, mild ataxia, and lack of spontaneous movement). The body weight and total motor activity counts significantly decreased compared with the control, as shown in Figures 2 and 3 . In addition, rats-administrated with TAA induced severe liver damage associated with elevated levels of liver enzymes and blood ammonia (see Table 2 ).
Our study showed that increase in expression of proinflammatory cytokines (IL-1β, IL-6, and TNF-α) was observed in rats with TAA-induced acute hepatic failure and encephalopathy. The brain and plasma proinflammatory cytokines (IL-1β, IL-6, and TNF-α) concentrations were significantly elevated in TAA group compared with the control 9, as shown in Figures 5 to 8 . In addition, they showed significantly negative correlations with motor activity counts. This indicates that inflammation developed aggressively accompanied with aggravated HE. Interestingly, this finding is compatible with the hypothesis that severer HE is associated with more severe cerebral inflammation. According to Chu et al [19] , plasma levels of TNF-α in rats with thioacetamide-induced fulminant hepatic failure should be significantly associated with more blunted motor activity. Furthermore, HE developed more frequently in rats with higher plasma levels of TNF-α. Another recent study using a similar experimental model has reported a correlation between plasma levels of TNF-α and the severity of HE [9] . These findings add to evidences that inflammation may play a role in the pathogenesis of HE associated with acute liver failure.
ALF-associated HE is characterized by cerebral edema that elevates intracranial pressure. In acute HE, astrocytes swell and develop cytotoxic brain edema [20] . As seen in Figure 4 , significantly higher brain water content increased in the 48 and 60 hours TAA group compared with the corresponding control. The brain water content of 24 hours TAA group was elevated but not significantly changed, compared with the control. This indicates that rats did not show brain edema in the earlier period of HE. However, our result showed that proinflammatory cytokines production occurred prior to the appearance of brain edema. The correlation analysis of proinflammatory cytokines and brain water content (Figure 7) showed that the brain concentrations of IL-1β, IL-6, and TNF-α were positively correlated with brain water content in TAAadministrated rats. This indicates that a progressive brain edema was accompanied by significant increases in expression of brain proinflammatory cytokines IL-1β, IL-6, and TNF-α. Excessive proinflammatory factors formation in the initial stage of HE may lead to aggravation of brain edema, which may participate in the development of HE and brain edema. These findings strengthen the notion that cerebral accumulation of proinflammatory cytokines are implicated in the pathogenesis of brain edema in HE.
In this study, we found enhanced brain and plasma IL-1β, IL-6, and TNF-α concentrations in rats with TAA-induced fulminant hepatic failure and HE. However, we also found the brain proinflammatory cytokines (IL-1β, IL-6 and TNF-α) concentration was much higher than the plasma in TAA-administrated rats (see Figures 5 and 6) . Our findings suggest that increases in proinflammatory cytokines and brain edema in rats TAA-induced HE is likely to be two evolutive-step processes as follows. The first is that in ALF, the necrotic liver may release circulating proinflammatory cytokines. The second being brain inflammation, possibly due to astrocytes that produces cytokines. Astrocytes are the key cells involved in the pathogenesis of HE and has extensive repertoire to modulate inflammatory responses [4] . The possible mechanism that circulating proinflammatory cytokines may stimulate the activation of astrocytes in HE through circumventricular organs that lack a bloodbrain barrier to secrete cytokines [21] . As a result, the circulating inflammatory process would cause a worsening of brain inflammation and a release like a chute of proinflammatory cytokines. Therefore, cerebral inflammation actually may play a more significant role in the pathogenesis of brain edema in hepatic encephalopathy.
In conclusion, inflammation might be associated with more severe HE and brain edema, particularly cerebral proinflammatory cytokines. Experimental therapeutic studies with anti-inflammatory agents with the capacity to brain proinflammatory cytokines production in HE will be warranted.
